Water shortages in China have hindered development of mega cities, especially Beijing. Assessing the impact of temperature and precipitation on water resources is important. This study analyzed spatiotemporal variations and impacts of temperature and precipitation on water resources in Beijing from 1956 to 2013, using statistical and spatial analysis. The results showed the following.
INTRODUCTION
. In addition, with abundant water resources, but lower per capita availability, China is included in the most water-stressed countries in the world.
Many mega cities in China have suffered from severe water shortages, hindering the development of regional economies and sustainable development (Tian et al. ) .
In recent decades, many scholars have studied the impact of climate change on water resources. As climate change is becoming more prominent, associated with changing precipitation (Christensen et al. ) , analysis on the impact of precipitation on water resources has become a main direction of research (Cui & Li ) . Using long time series data to analyze trends and cycles of precipitation and water resources is the basis for research on the impact of precipitation on water resources (Arnell et al. ) . Water resource yield and distribution are affected as a direct result of fluctuation in intensity, frequency and distribution of precipitation (Ligaray et al. ) . But the effect of climate change on water resources is a complex process (Rochdane et al. ) . It is insufficient to analyze the impact of precipitation on water resources so as to have an in-depth understanding of the impacts of climate change on water resources. Moreover, the length and the accuracy of historical data limit research on changes in precipitation and water resources (Labat et al. ) .
There is an increasing consensus that changing climatic trends, especially temperature and precipitation, can change the hydrological cycle, which influences water resources (Jordan et al. ) . Selecting appropriate hydrological models based on specific conditions of the region to simulate water resource yield, and quantitatively assess the impact of climate change on water resources in combination with measured data, is the main method to study climate change impacts on water resources (Emam et al. ; Mahmood et al. ) . The main reason for declining water resources is increasing temperature and decreasing precipitation (Kundzewicz et al. ). However, the impact of temperature and precipitation on water resources may vary from region to region (Emam et al. ; Mahmood et al. ) . Hence, the analysis of the variable impact of climate change on water resources between regions is the focus of current research.
The hydrological cycle of a region is mainly influenced by regional terrain, climatic conditions, land use/cover and population scale (Kundzewicz et al. ) . WRD_3rd were studied using geographic information system (GIS) spatial analysis methods as shown in Table 2 .
RESULTS AND ANALYSES
Inter-annual variability analysis 
Methods description Calculation formula Explanation
Cumulative departure curve is a method to judge the trend of change from curve directly
For time series X, the accumulated anomaly at time t is X t . By calculating n times' cumulative departure values
Standardized regression coefficients are used in multiple regression to compare the importance of variables X is the mean of X i , σ X is the standard deviation of X i
The carrying capacity of water resources depends on the total water resources, water supply capacity coefficient and per capita water consumption, three indicator variables 
Difference analysis in the WRD_3rd
Precipitation and temperature is impacted by the watershed environment; besides, it is directly related to division area. Using GIS, we compare the area of five WRD_3rd (Figure 11 ) and find the areas of BSH and BSIH are significantly greater than other divisions.
This may be the main reason for variation in water resource yield among the five WRD_3rd.
Impact and correlation analysis
Inter-annual variability analysis per capita decreased (Parandvash & Chang ) . Given the increase in water consumption caused by urbanization, industrial development, and agriculture in the future, climate warming will have a greater effect on the demand for water resources (Cavalcante et al. ) .
Regional variability analysis
In this study, annual precipitation, temperature and water resource variations in different regions of Beijing were analyzed and their correlation coefficients were calculated, using data from WRD_3rd. The correlation coefficient of precipitation, temperature and water resource is greater than that of precipitation and water resource (Table 3) .
Although precipitation is the only source of water recharge, 
Quantitative evaluation model
Precipitation and temperature have a great influence on water resources. Therefore, to maximize the fitting of precipitation and temperature impact on water resources, this study established: a unitary standard linear regression Equation (7) to study the relationship between precipitation (P) and water resource yield (W ); and a binary standard linear regression Equation (8) to study the correlation between precipitation (P), temperature (T ) and water resource yield (W ).
Analysis of the correlation coefficients (0.89, 0.91) from these two equations found that the binary linear fitting Equation (8) is better than the unitary Equation (7).
Therefore, in this study, the water resource yield was used as a dependent variable and precipitation and temperature were used as independent variables to establish a quantitative evaluation model of water resources. The model is used to analyze the impact of precipitation and temperature on water resources. Although both changes in temperature and precipitation will affect water resource yield, the impact of precipitation is much greater than temperature.
Model validation
In order to verify the accuracy of the quantitative evaluation model for the impact of precipitation and temperature on water resources, mean annual precipitation and temperature data from 1956 to 2013 was used to fit water resources ( Figure 15 ). The fitted value of water resources and its trend are similar to the actual conditions, except for 1985 and 2006. The relative error over 57 years is less than 6%, except for 1984 (Table 4) . Therefore, it is clear that this model has better accuracy.
DISCUSSION Correlation differentiation under different spatial scales
In this study, urban functional regions of Beijing were used as a minimum research unit (Table 5 ) and results showed that under the filter effect of human activities, such as administrative boundaries, land cover types, and urbanization, water resource is highly correlated with precipitation and temperature. However, there is no significant difference among these regions. To sum up, the influence of human activities masks differences across regions. Therefore, it is illogical to use the data of urban functional regions or administrative divisions to study correlations between precipitation, temperature, and water resources in different regions and different spatial scales in
Beijing. In addition, results will be accurate if natural water resources divisions or basins are used to calculate these correlations. 
Influence of urbanization processes on water resources
The spatiotemporal distribution of water resources in Influence of water quality on water resources
In the exploitation of water resources, water quality is one of the important indexes. According to the application of water resources, water quality is divided into five categories: I, II, and III are suitable for drinking, while IV and V are suitable for industry, agriculture and ecology (ZHB ; ZHB ).
By analyzing the proportion of I, II, III water yield in the evaluated water resources, we can find the change in the amount of available drinking water. The analysis of the proportion of I, II, III water yield in the evaluated water resources of Beijing (both surface water and groundwater) from 1999 to 2014 (Figure 16 ) showed that I, II, III groundwater yield is less than 50% of the evaluated groundwater and the proportion has slight variation.
Combined with the change of total groundwater resources in Beijing ( Figure 5 ), it can be found that the groundwater resources reduced sharply in total amount and the groundwater resources suitable for drinking amounts to less than half of the total amount. As can be seen from Figure water from Hebei and Shanxi provinces (Table 6 ). However, the cyclical variation of water resources and climate in these places is similar to Beijing, which limited the project's impact. Therefore, over-exploitation of underground water resources has become the only way to alleviate water short- (Table 6) , which accounted for nearly 30% of the total water resources that year in Beijing. The project rapidly increased the water resources population carrying capacity in Beijing, but with increasing water consumption it will stop or even decline again. Therefore, the project can only temporarily solve the problem; it is difficult to completely solve the water resource problem in Beijing. on water resources in Beijing will be more significant.
